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LONG-TERM  GOALS 

My  long-term  goal  is  to  understand  the  processes  that  contribute  to  the  establishment  of  the  vertical 
structure  of  size-distribution  of  suspended  sediments  and  sediment  concentration,  with  the  bottom 
boundary  layer  acting  as  the  principal  source. 

OBJECTIVES 

The  source  for  particulates  in  shallow  water  (though  optically  deep)  is  the  bottom  boundary  layer,  and 
subsequent  diffusion  and  advection  by  processes  that  include  upwelling.  My  objective  in  this  program 
is  to  examine  the  relative  importance  of  these  processes  by  simultaneously  observing  the  vertical 
distribution  of  particles,  and  the  advective-diffusive  mixing  processes.  Simultaneously,  the 
instruments  that  measure  particle  size-distribution  will  also  provide  measurements  of  the  small-angle 
volume  scattering  function  of  water  from  0.1  to  20  degrees,  at  the  wavelength  of  the  diode  lasers, 

0.67  micron. 

APPROACH 

Measurements  of  suspended  sediments  (size  distribution  and  concentration)  were  carried  out 
throughout  the  water  column  using  a  LISST-100  instrument  on  a  profiler.  In  addition,  LISST-100 
instruments  measured  the  same  parameters  from  a  bottom-mounted  tripod.  The  settling  velocity 
distribution  of  the  particles  -  a  key  parameter  that  establishes  the  diffusion-settling  balance  -  was 
measured  using  a  LISST-ST  instrument.  These  constitute  the  set  for  sediments.  The  velocity  field  was 
measured  with  a  set  of  velocimeters  mounted  on  the  tripod  by  Dr.  John  Trowbridge,  WHOI.  All 
sensors  were  synchronized.  Data  were  stored  on-board  the  instruments  and  was  transmitted  to  shore  . 
The  joint  analysis  of  the  measurements  is  continuing  at  the  time  of  this  writing,  with  early  publications 
and  presentations  having  appeared  in  unrefereed  publications. 
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WORK  COMPLETED 


During  the  first  year  of  this  program  (FY1999),  data  were  obtained  from  a  single  LISST-100 
instrument  mounted  on  a  vertical  profiler  at  the  LEO- 15  site. 

In  the  second  year,  all  instruments  were  completed  for  deployment  and  a  summer  deployment 
occurred.  A  tripod  carrying  a  LISST-100,  one  LISST-ST  and  an  MSCAT  instrument  was  deployed  at 
the  LEO-15  site.  In  addition,  the  LISST-100  on  the  vertical  profiler  was  re-deployed. 

In  the  third  and  final  year,  all  instruments  were  redeployed,  operating  in  the  autonomous  mode.  Lull 
data  were  recovered  from  all  instruments. 

As  a  consequence,  we  have  gathered  data  on  the  size-distribution,  concentration,  and  settling  velocity 
distribution  of  suspended  particles,  measured  both  throughout  the  water  column,  and  more  extensively 
in  the  bottom  2  meters,  from  a  tripod.  As  a  consequence,  (/)  The  volume  scattering  function  (VSF)  of 
the  water  column  has  been  studied  from  the  data  received  from  the  profiling  LISST-100.  This  has  been 
reported  in  the  Ocean  Optics  XVI  conference  Proceedings;  (ii)  Settling  velocity  spectra  have  been 
obtained  from  the  LISST-ST  data.  Results  support  hypotheses  of  fractal  nature  of  the  larger  particles; 
and  (Hi)  The  detailed  analysis  of  size-distribution  in  the  bottom  boundary  layer  is  ongoing.  These  will 
be  combined  with  the  bottom  hydrodynamic  forcing  data  of  Dr.  Trowbridge  in  the  remaining  final  year 
of  this  program. 

RESULTS 

Volume  Scattering  Function:  We  have  displayed  bottom  boundary  layer  data  in  earlier  report.  This 
year,  we  stress  the  observed  large  variability  in  the  volume  scattering  function  in  the  water  column. 


VSF  Vertical  Profile,  File  co  o  10  1  .2  7  5  .lis 
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Fig.l:  In  a  single  vertical  profile,  variability  of  VSF  magnitude  is  seen  principally  at  small 
angles  (left)  ,  in  the  event  of  a  turbid  layer  overlying  bottom  water  (optical  transmission 

profile,  insert) 
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In  all,  400  vertical  profiles  of  the  LISST-100  have  been  analyzed  to  date.  The  data  show  a  wide 
variability  in  the  magnitude  and  shape  of  the  volume  scattering  function  within  the  water  column,  but 
still 

excluding  the  bottom  nepheloid  layer.  The  greatest  variability  in  a  single  profile  is  generally  seen  to 
be  at  the  smallest  angles,  representing  the  availability  of  larger  particles  to  different  parts  of  the  water 
column  (generally  lower  column).  However,  when  different  water  masses  overlie  each  other,  the 
variability  at  the  larger  angles  (>2° )  is  also  large,  having  been  established  by  the  fine  particle  content 
of  the  water  masse. 

The  link  between  suspended  particle  concentration  and  size-distribution  asserts  that  as  the  particle 
dynamics  respond  to  the  various  forcing  functions,  so  should  the  measured  volume  scattering  function. 
This  has  been  clearly  established. 

A  clear  conclusion  of  this  work  is  that  it  is  time  to  abandon  notions  of  canonical  fonns  of  the  volume 
scattering  functions  that  have  been  in  use  since  Petzold’s  ground-breaking  measurements.  The  data 
from  our  measurements  show  a  variability  in  the  VSF  of  several  orders  of  magnitude  in  time,  and  in 
space. 

Scattering  by  Random  Shaped  Natural  Particles:  In  a  broadly  significant  research  project,  we  are 
continuing  the  study  of  the  small-angle  scattering  particles  of  random  shaped  marine  particles.  This 
empirical  study  has  direct  bearing  on  the  inversion  of  multi-angle  scattering  observed  by  the  LISST 
instruments,  and  is  of  fundamental  interest  in  all  studies  of  light  scattering.  Some  results  were 
presented  at  the  Ocean  Sciences  (2002)  conference  in  Honolulu.  The  most  serious  challenge  to  this 
study  is  the  sorting  of  particles  by  a  defined  ‘size’.  Using  novel  techniques  that  exploit  the  turbulence¬ 
suppressing  qualities  of  density-stratified  water  columns,  we  have  achieved  a  qualitative  understanding 
of  the  light  scattering  properties.  Further  progress  requires  the  collection  of  measurable  quantities  of 
size-sorted  particles  to  detennine  the  absolute  scattering  cross-sections  vs.  size.  This  remains  an 
elusive  goal  as  of  this  writing. 

IMPACT/APPLICATION 

The  work  is  in  early  stages  of  publications.  However,  research  on  the  fractal  nature  of  particles  will  be 
boosted  by  these  studies,  in  addition  to  information  on  the  variability  of  VSF  in  the  water  column. 

TRANSITIONS 

None. 

RELATED  PROJECTS 

1  -  Small- Angle  Scattering  Properties  of  Natural  Particles:-  Spurred  by  observations  of 
differences  in  calibrations  of  sediment  sensors  for  spheres  vs.  natural  particles,  we  have  completed  the 
first  phase  of  empirically  characterization  of  the  very  small-angle  scattering  properties  of  these 
particles.  Using  a  specially  constructed  stratified  settling  column,  we  have  characterized  the 
counterpart  to  Mie  scattering  properties  for  narrow  size  classes.  This  work  is  in  preparation  for 
publication. 
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2  -  The  Design  of  shaped  focal  plane  detectors  for  sediment  property  measurements:-  We  have 
noted  elsewhere  the  design  and  use  of  a  so  called  ‘comet’  shaped  detector  in  use  in  our  instrument 
LISST-25.  The  shape  of  this  comet  is  designed  to  that  the  output  of  this  focal  plane  detector  is  directly 
proportional  to  the  concentration  of  suspended  sediment  concentration  over  a  broad  200:1  size  range. 

In  contrast,  prior  technology  suffered  a  factor  of  200  error  due  to  size  and  a  further  error  of  factor  10 
due  to  color  changes  while  monitoring  sediments.  The  new  comet  is  based  on  diffraction  theory  so  that 
it  is  a  true  sediment  sensor,  immune  to  calibration  changes  due  to  composition. 

Subsequent  to  the  design  of  the  original  comet,  an  additional  shape  was  found  that  measured  a  sub¬ 
range  of  coarse  particles  only  (63<diameter<500  microns).  These  shapes  produced  the  volumetric 
concentration,  and  from  the  particle  area  concentration  inferred  from  another  comet  shape,  a  Sauter 
Mean  Diameter  was  derived  for  the  sub-range  also. 

Most  recently,  yet  another  shape  of  the  comet  detector  has  been  found  that  permits  observation  of  the 
true  mean  diameter  of  the  full  range  of  sizes.  The  associated  sub-range  detector  for  63<diameter<500 
microns  has  also  been  designed. 

These  fully  general  focal  plane  shaped  detectors  deliver  powerful  new  tools  for  measuring  suspended 
sediments  without  requiring  any  assumptions  on  the  underlying  particle  size  distributions  or  color. 
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